A view of (I) with the atom-numbering scheme is shown in Fig. 1 . Electron donation from the ring N atoms to the carbonyl groups, as in resonance structures (Ia)±(Ic), would be expected to lengthen the C O bonds and shorten the ring CÐN bonds, C2 O2 being affected from both sides. The experimental bond distances (Table 1) show no signi®cant differences between the two carbonyl bond lengths or between N1ÐC2 and N3ÐC4, but C2ÐN3 is longer than their average by 0.024 A Ê (6'). Thus, resonance structure (Ib) appears to be of limited importance. Both carbonyl groups are bent towards atom N3; the angle O2ÐC2ÐN1 exceeds O2Ð C2ÐN3 by 3.8 (3) and the angle O4ÐC4ÐC5 exceeds O4Ð C4ÐN3 by 2.6 (3) . A search group was de®ned, consisting of a hydantoin ring with both NH groups unsubstituted and sp 3 hybridization at C5. With disorder, errors or ions excluded and R < 0.1 required, a search (Bruno et al., 2002) of the Cambridge Structural Database (CSD, Version 5.25; Allen, 2002 ) yielded 41 hits with 50 hydantoin rings in 49 independent molecules after removal of duplicate structure determinations. Mean values of the relevant bond distances, with standard error of the mean in parentheses, con®rm the tendency in hydantoin: C2ÐO2 = 1.221 (1) A Ê , C4ÐO4 = 1.211 (1) A Ê , N1ÐC2 = 1.342 (2) A Ê , C2ÐN3 = 1.393 (2) A Ê and N3ÐC4 = 1.362 (1) A Ê . Bending of one carbonyl bond is common. The mean O2Ð C2ÐN1 angle is 127.9 (1)
, compared with 124.5 (1) for O2Ð C2ÐN3, but the other C O bond lies close to the exterior bisector, mean values being 126.8 (1) for O4ÐC4ÐN3 and 126.3 (1) for O4ÐC4ÐC5. Ab initio molecular-orbital optimization of hydantoin with GAMESS (Schmidt et al., 1990) in the 6-31G* basis set corroborates the near equality of C O distances and yields N1ÐC2, C2ÐN3 and N3ÐC4 distances of 1.356, 1.391 and 1.367 A Ê , respectively. Atomic charges were calculated by the method of Lo È wdin (1950) , chosen because it is based on orthogonalized orbitals and appears to be consistent with electronegativity. Values of À0.350 on atom N1, À0.382 on O2, À0.275 on N3 and À0.348 on O4 suggest that more negative charge is received by O2 than O4, and more given up by N3 than by N1.
As seen in Fig. 2 , each molecule of (I) participates in NÐ HÁ Á ÁO hydrogen bonds (Table 2) , forming a chain of centrosymmetric rings with graph set C (Etter, 1990; Bernstein et al., 1995) . Of the 50 independent hydantoin rings found in the search of the CSD, this (pseudo-)centrosymmetric`chain of rings' arrangement occurred in ®ve (Table 3 ; the atom-numbering scheme has always been made to agree with the IUPAC system used in the present study), while another six exhibited a variant form in which the more electron-dense atom O2 simultaneously accepts N1ÐH1Á Á ÁO2 and N3ÐH3Á Á ÁO2 hydrogen bonds, while atom O4 accepts none (Table 4) .
Chains are also possible. Hydantoins can create an in®nite chain in graph set C(5) with atom N1 as donor and atom O4 as acceptor, simultaneously with another C(4) motif having atom N3 as donor and atom O2 as acceptor, thereby creating edgefused R 3 3 (12) rings. This network had ®ve occurrences, always in a non-centrosymmetric space group (Table 5) .
Many hydantoin derivatives carry polar substituents on the 5-position, which divert some or all of the hydrogen bonding away from the ring. Thus, 21 molecules participate in a single R 2 2 (8) motif, 11 involving atom N1 as donor and atom O2 as acceptor, seven with N3 and O2, two with N3 and O4, and one with heterogeneous involvement of N1 with O4 and N3 with O2 (Table 6 ). Single chains also occur frequently, two C(4) using atoms N1 and O2, ®ve C(5) with N1 and O4, four C(4) with N3 and O2 but none with N3 and O4, and one with heterogeneous chains (Table 7) . Finally, three rings only interact with side groups (Table 8 ). (The total exceeds 50 because two molecules forming one ring and one chain are double-counted.) Of the potential hydrogen-bond donors and acceptors, atom N1 is left unused only three times, O2 just once and N3 not at all, but the less highly charged and less accessible atom O4 is unused 24 times. Thus, hydantoin is a versatile supramolecular synthon providing a challenge to attempts at a priori prediction.
Experimental
Crystals of (I), in habits ranging from stubby needles to tabular blocks, were grown by slowly cooling to room temperature a saturated aqueous solution prepared at 353 K. An attempt to obtain a more tractable crystal form by diffusing acetic acid vapour into a sample of hydantoin in 12.5% sodium hydroxide solution yielded a conglomerate of sticky needles showing the same unit cell, space group and propensity to form twins. A view of two chains of (I) extending through the unit cell, with atom N1 of four representative molecules bearing a label. The symmetry codes are:
Crystal data
Other molecules are generated from these by adding 1 to both x and z or subtracting 1 from both x and z. Hydrogen bonds are shown as dashed lines. Hydrogen-bonding geometry (A Ê , ). H-atom positions were re®ned freely, and U iso (H) values were set initially to 1.2U eq (C,N) and not re®ned further. The data were re®ned as a two-component twin, (1 0 0, 0 1 0, 0 0 1) and (1 0 0.652, 0 1 0, 0 0 1), with twin element scale factors of 0.869 (6) and 0.131 (6).
Data collection: COLLECT (Nonius, 1998); cell re®nement: DENZO and SCALEPACK (Otwinowski & Minor, 1997) ; data reduction: DENZO and SCALEPACK; program(s) used to solve structure: SIR92 (Altomare et al., 1994) and SHELXL97 (Sheldrick, 1997); program(s) used to re®ne structure: CRYSTALS (Watkin et al., 1999) ; molecular graphics: CAMERON (Watkin et al., 1996) and ORTEPII (Johnson, 1976) ; software used to prepare material for publication: CRYSTALS. Table 5 Hydantoin derivatives forming a chain of edge-fused R 3 3 (12) rings. 
² Although Z H = 1, the molecule has an independent hydantoin ring at each end. Table 7 Hydantoin derivatives forming a single chain motif.
² Although Z H = 1, the molecule has an independent hydantoin ring at each end.
Table 8
Hydantoin derivatives without ring-to-ring hydrogen bonding. et al., 1994) and SHELXL97 (Sheldrick, 1997 ); program(s) used to refine structure: CRYSTALS (Watkin et al., 1999) ; molecular graphics:
CAMERON (Watkin et al., 1996) and ORTEPII (Johnson, 1976) ; software used to prepare material for publication:
CRYSTALS.
imidazolidine-2,4-dione
Crystal data Symmetry codes: (i) −x+2, −y, −z+2; (ii) −x+1, −y, −z+1.
